The biological sulfide removal from wastewater caustic streams can be achieved without significant dilution by alkaliphilic microorganisms which usually show lower growth and oxidation rates as compared with acidic and neutral bacteria. To improve volumetric removal rates under alkaline condition (pH 10), an Alkaliphilic Sulfide-oxidizing Bacteria Consortium (ASBC) was studied in a Packed Recycling Reactor (PRR). A commercial Nylon fiber resulted to be a convenient packing support for biofilm development as it has high specific area and similar hydrophobic propertie. The PRR reached a maximum sulfide oxidation rate of 100 mmol L 21 d 21 with efficiency close to 100%, representing an enhancement of 56% from the maximum sulfide oxidation rate reached for a free cell continuous culture. Higher sulfide loading rates induced oxygen limiting conditions reducing the biological activity despite the considerable biofilm attached on the nylon fiber.
INTRODUCTION
The emission of hydrogen sulfide (H 2 S) from anthropogenic sources to the environment can produce problems related with toxicity, corrosion and foul odor. Different physical, physicochemical and biological treatment methods have been used to reduce its environmental impact (Lens & Hulshoff 2000) .
In petroleum refining, H 2 S is removed from fuel gases by scrubbing into a sodium hydroxide solution, where H 2 S reacts instantaneously producing sulfides (HS 2 and S 22 ).
The resulting sulfidic caustic solution can contain sulfide concentrations exceeding 2 -3 w/w (0.6-0.9 mol L 21 ), a pH greater than 12 and even other organic sulfur and aromatic compounds (Sipma et al. 2004) . Maintaining these streams under alkaline conditions limits the emission of foul sulfide odorants. Sulfides in these aqueous streams are usually removed by chemical methods, but biological processes have recently been proposed. Chemical methods produce secondary contaminants and require high energy input (Pandey & Malhotra 1999) . Biological based technologies are more environmental friendly and cheaper. Nevertheless, they are restricted to ambient and acidic or neutral conditions (Alcantara et al. 2004; Gonzalez-Sanchez & Revah 2006) . Pre-dilution to reduce the sulfide inhibition on the microorganisms and pH neutralization are generally needed for the biological treatment of sulfidic caustic streams, (Sipma et al. 2004) .
At pH . 9, different genera of bacteria develop and these are generally grouped as Alkaliphilic Sulfoxidizing Bacteria (ASB). These can be obligate or facultative chemolithoautotrophic, can grow at pH 9 to 11 and oxidize reduced sulfur compounds such as thiosulfate, sulfide, polysulfide, tetrathionate and thiocyanate. Furthermore, ASB can grow in saline environments with concentrations from 0.6 to 4.0 M Na þ (Sorokin et al. 2001) .
Under alkaline pH conditions, the oxidation rates for the abiotic spontaneous chemical reaction between dissolved sulfide and oxygen is increased with a subsequent production of intermediates such as pentasulfide, et al. 1997; Alcantara et al. 2004; Sipma et al. 2004; Krishnakumar et al. 2005; Gonzalez-Sanchez et al. 2008) .
The aim of this study was to evaluate the feasibility for the improved biological sulfide removal under alkaline pH by an alkaliphilic sulfoxidazing bacterial consortium in a Packed Recycling Reactor (PRR).
MATERIALS AND METHODS

Microorganisms
A mixed consortium of ASB (ASBC) from alkaline soils and soda lakes sediments (pH between 9 and 11) in Mexico was used (Gonzalez-Sanchez & Revah 2007 with N 2 to prevent sulfide oxidation.
Packed recycling reactor (PRR)
A glass reactor-system previously reported (Gonzalez-San- (1) to (3).
The dissolved oxygen supply was controlled by the evaluation of the supplied molar oxygen/sulfide ratio 
Biofilm formation
After inserting the packing materials in the reactor, the 
Setup and performance of a packed recycling reactor (PRR)
The PRR was inoculated with active ASBC, fed with thiosulfate and operated under batch regime for the first two days, until a complete thiosulfate oxidation to sulfate and suspended biomass concentration around 920 mg L
21
were attained. The start up period was reduced by using non toxic thiosulfate for biomass build. Then the PVC packing support was placed in the reactor column and then the biomass immobilization was promoted as described above for a period of 20 days. After that, the PRR was operated continuously up to day 52 applying different sulfide loading rates. On day 52, the PVC packing was replaced by the Nylon fiber packing, and biomass immobilization was promoted as well by a period of 20 days and then operated continuously until day 120. Figure 3 shows the continuous operation and performance of the PRR. were increased, higher recirculation rates were necessary to supply enough dissolved oxygen for the biological reaction.
As a result, no biomass sedimentation in the reactor column occurred due to the higher upward linear liquid velocities.
Furthermore no significant biofilm was attached on the submerged PVC packing (see Table 2 ).
From days 25 to 51 the dilution rate was decreased down to 0. 
The biomass retained and attached in the PRR
The amounts of biofilm attached to each packing material after dismounting from the PRR are showed in Table 2 . The biofilm attached on the PVC sheets and on the Nylon fibers represented an increase of around 13% and 140% respectively referred to the suspended biomass concentration reached for a free cell suspension culture under continuous and optimal operation (Table 1) .
Under alkaline condition, both biofilm and Nylon fiber had a similar hydrophilic character, getting a contact angle around 558 which could improve the biofilm immobilization (Hamadi et al. 2005 ) better than PVC and other plastic packing tested (PP, PET, HDPE and PPCO) that showed contact angles superior to 808 (hydrophobic character).
These results agree with the general hypothesis that the higher than the maximum reached for a free cell continuous culture in the stirred reactor.
